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Abstract The human neurotropic JC virus (JCV) is of

significant interest due to its experimental neuro- onco-

genic potential. In clinical samples from human central

nervous system (CNS) tumors, detection of JCV sequences

suggests a possible association with CNS neoplasms, but

the results are discrepant worldwide. To assess the preva-

lence of JCV sequences in Iranian patients with primary

and metastatic CNS malignancies, a total of 58 fresh CNS

tumors were examined by quantitative real-time PCR tar-

geting the JCV large T antigen (LT-Ag) gene, and JCV

DNA load was determined as viral copy number per cell.

All patients were immunocompetent, and none of them had

received immunosuppressive therapy before surgical

operation. JC virus LT-Ag sequences were found in a total

of 15 (25.9 %) out of the 58 tested samples. In primary

CNS tumors, JCV sequences were identified more fre-

quently in meningiomas (50.0 %) and schwannomas

(35.7 %). In metastatic CNS tumors, JCV LT-Ag was

identified in one case with brain adenocarcinoma origi-

nating from lung cancer. No statistically significant asso-

ciation between JCV positivity and various types of CNS

malignancies was observed (P = 0.565). The mean JCV

LT-Ag copy number in 15 positive cases was

1.8 9 10-4 ± 4.5 9 10-4 copies per cell (range

1.0 9 10-5-1.78 9 10-3 copies per cell). An inverse cor-

relation between white blood cell (WBC) count and JCV

copy number was observed, but this correlation was not

statistically significant (R = -0.198, P = 0.480). This

study provides the first data on the prevalence of JCV in

primary and metastatic CNS tumors from Iranian patients.

Introduction

Central nervous system (CNS) tumors are a diverse group

of tumors arising from the brain, spine or meninges and

comprise 2 % of all human adulthood malignancies [1].

The etiology of CNS tumors is poorly understood, and few

well-established risk factors have been recognized. It has

been suggested that genetic and environmental risk factors

may play a role in CNS cancer development [2]; moreover,

the hypothesis that oncogenic viruses may be correlated

with the etiology of CNS tumors has also been proposed

[3].

With respect to viral etiologies of CNS tumors, the

polyomaviruses have been among the most widely inves-

tigated [4]. Polyomaviruses are small DNA viruses with

experimental oncogenic potential that are ubiquitously

found in the human population. Studies of urban sewage

samples from various geographical areas have revealed

significant shedding of polyomaviruses in human excreta

and variable distribution of these viruses among human
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populations [5, 6]. Moreover, infections with polyomavi-

ruses show signs of association with human populations,

and strains of some polyomaviruses sequenced from sew-

age samples are correlated with previously described viral

strains from related populations [5]. To date, 12 human

polyomaviruses have been recognized [7]. Primary infec-

tion with human polyomaviruses is thought to be asymp-

tomatic and occurs in childhood, after which the viruses

maintain lifelong latency in their hosts. The kidneys are

considered to play a role in JC virus (JCV) [8] and BK

virus (BKV) [9] latency. Periodically, JCV and BKV can

be found in the urine of normal individuals, without

apparent pathology-associated consequences [10]. The cell

type determines the outcome of polyomavirus infection

[11]. Infection of permissive cells can lead to cell death and

production of progeny virions (lytic infection) [12]. Pro-

gressive multifocal leukoencephalopathy (PML) is a neu-

rodegenerative disease caused by lytic infection of JCV in

oligodendrocytes [13]. BK polyomavirus lytic infection is

an important cause of various urinary tract illnesses [14].

In nonpermissive cells, the virus can enter the cell and

express its early genes (tumor antigens), but neither DNA

replication nor late gene expression is seen. Therefore, this

is a dead-end event that does not result in the production of

infectious virions but instead leads to cell transformation

and tumorigenesis [15, 16]. The large tumor antigen (LT-

Ag) of polyomaviruses has been demonstrated to interfere

with cell cycle regulation through binding and inactivation

of cellular tumor suppressor proteins, p53 and pRb [12,

17]. The viral LT-Ag protein has also been shown to

interact with several important proto-oncogene products

such as insulin receptor substrate-1 (IRS-1) and b-catenin

[18, 19].

The human neurotropic JC virus is of significant interest

for its potential neurooncogenic role, since it has been

demonstrated to induce CNS tumors in experimental ani-

mals [20–22]. The virus has the ability to transform cells in

culture, especially cells of neural origin, including primary

hamster brain cells and human fetal glial cells [4, 23, 24].

In immunocompetent individuals, due to immune surveil-

lance mechanisms, JCV establishes and maintains a state of

latency in kidneys, lymphoid organs and bone marrow [25–

27]. Upon severe immunosuppression, virus can be reac-

tivated and spread to the CNS, probably by infected B

lymphocytes [28]. In the CNS, the virus targets oligoden-

drocytes, leading to demyelination and PML development.

It should be noted that there have also been several recent

studies reporting JCV persistence in the brains of healthy

people [29–31]. Concomitant occurrence of PML and brain

tumors provides the first evidence that JCV has a role in the

development of these types of malignancies [32]. In the

clinical context, JCV genomic sequences have been iden-

tified in tumor tissue from patients with a wide variety of

CNS tumor subtypes [33–35]. However, the results are

discrepant among different research groups, and the pre-

sence of JCV sequences in primary and metastatic CNS

tumors has been a poorly investigated subject. Therefore,

to determine a possible correlation between JCV infection

and CNS tumors, more investigation is required. Also,

there is little information about the prevalence of JCV in

Iran. So far, only one study has evaluated the prevalence of

JCV viruria in the Iranian general population [36], and to

our knowledge, there are no data on the prevalence of JCV

DNA sequences in Iranian patients with CNS tumors.

Hence, the facts reviewed above encouraged us to

investigate the prevalence of JCV DNA sequences in tumor

samples of Iranian patients diagnosed with primary and

metastatic CNS malignancy and evaluate the positive

samples in terms of viral copy number per cell.

Materials and methods

Patients and samples

A total of 58 fresh CNS tumor biopsy materials were

collected from patients who underwent surgical operations

of the CNS at the Neurosurgery Department of Shariati

Hospital, affiliated to Tehran University of Medical Sci-

ences. In the operating room, each fresh biopsy specimen

was excised and placed immediately into RNALater solu-

tion (Sigma R0901, St. Louis, MO, USA). Samples were

stored at -80 �C until an extraction procedure was exe-

cuted. The central nervous system tumor type was con-

firmed as part of the routine histopathological examination

in the Pathology Department of Shariati Hospital. Except

for one patient, all of the patients included in this investi-

gation had a white blood cell (WBC) count of more than

4500 cells per microliter prior to surgical operation. None

of the patients were positive for antigen or antibody to

human immunodeficiency virus type 1 (HIV-1). In addi-

tion, none of the patients had received immunosuppressive

therapy, except for 8 milligrams of dexamethasone by the

intravenous (IV) route prior to surgery to reduce swelling

and pressure in the normal tissue around the tumor.

Demographic and clinical characteristics for patients in

each histopathologic group of CNS tumors are presented in

Table 1. This study was approved by the Ethical Com-

mittee of Tehran University of Medical Sciences, and for

all subjects, written informed consent was obtained.

Cloning of JC virus large T antigen and human RNase P

amplicons

Brain sections from an HIV-positive subject with patho-

logical PML were obtained at autopsy. The 247-bp JCV
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LT-Ag amplicon was amplified by PCR from DNA

extracted from sections containing PML lesions, using

TaKaRa EX Taq (Takara Bio, Shiga, Japan) with the

primers JCTAGP1 (50-GAGGAATGCATGCAGATCT

AC-30) and JCTAGP2 (50-TTGCAGGGCATTTTGT

TTTTTAC-30) as described previously [37]. The 65-bp

human RNase P gene (RPP30) was amplified by PCR from

whole-blood genomic DNA using Taq polymerase and

standard PCR conditions with primers RNaseP-F (50-AG

ATTTGGACCTGCGAGCG-30) and RNaseP-R (50-GAG

CGGCTGTCTCCACAAGT-30). Both JCV LT-Ag and

human RNase P amplicons were TA-cloned into pTZ57R/T

PCR cloning vector (InsTAcloneTM PCR Cloning Kit,

Fermentas, MD, USA) according to the manufacturer’s

instructions to obtain the plasmids pJCV LT-Ag and

pRNase P, respectively. Purified plasmids were submitted

for sequencing (Bioneer, Daejeon, South Korea) to verify

that the correct sequence was present and used to derive

standard curves in the real-time PCR assay for the quan-

tification of JCV LT-Ag and human RNase P amplicons.

DNA extraction

DNA was isolated from the samples using a QIAamp DNA

Mini Kit (QIAGEN GmbH, Hilden, Germany) for blood

and tissues, according to the manufacturer’s instructions.

The quality and quantity of extracted DNA was determined

using a NanoDrop spectrophotometer (Thermo Scientific,

Wilmington, USA) at the end of the extraction procedure.

Sterile tubes containing only reaction mixtures were

processed in parallel with the tissue samples as an extrac-

tion negative control.

Quantitative real-time polymerase chain reaction

Quantitative real-time PCR was performed using a Rotor-

Gene� Q real-time PCR system (QIAGEN GmbH, Hilden,

Germany), using primer sets and a TaqMan probe specific

for the JCV LT-Ag gene and the human RNase P gene [38,

39]. The primer and probe sequences and cycling condi-

tions are shown in Table 2. All primers and probes were

synthesized by Metabion International AG (Martinsried,

Germany). Real-time PCR reaction mixes were prepared in

a dedicated clean room in a biological hood under stringent

sterile conditions. Each reaction consisted of 500 ng of

extracted DNA, 12.5 ll Maxima Probe qPCR Master Mix

(Fermentas, Glen Burnie, MD, USA), 0.3 lM each primer

and 0.2 lM dual-labeled probe in a 25-ll total reaction

volume. To generate standard curves, real-time PCR was

performed on a tenfold dilution series of each purified

plasmid (pJCV LT-Ag and pRNase P) ranging from

2 9 101 to 2 9 106 copies/ll. Samples that were negative

for human RNase P amplification were considered to have

inadequate DNA integrity and therefore were re-extracted

until RNase P amplification could be achieved. Quantita-

tive real-time PCR for JCV LT-Ag was performed on

triplicate repeats, and samples were considered positive if

two out of the three tests had detectable JCV DNA. Each

real-time PCR run included reaction mixtures without

DNA template as a negative control and the plasmid pJCV

Table 1 Demographic and

clinical characteristics of

patients for each histopathologic

group of CNS tumors

a White blood cell

Histopathology Number

(%)

Gender

(M:F)

Mean age

(range)

Mean WBCa counts

per microliter (range)

Schwannoma 14 (24.1 %) 8:6 40.7 (25-56) 7951.4 (4500-10950)

Meningioma 12 (20.7 %) 4:8 61.1 (49-83) 8967.5 (6190-14150)

Glioblastoma multiform 7 (12.1 %) 3:4 52.9 (20-74) 7138.5 (3400-9100)

Astrocytoma 3 (5.2 %) 1:2 50.3 (18-67) 9396.6 (6800-11900)

Pituitary adenoma 3 (5.2 %) 2:1 54.7 (46-65) 8748.3 (7650-10450)

Epidermoid tumor 3 (5.2 %) 2:1 39.0 (35-44) 10436.6 (6210-15490)

Adenocarcinoma (metastatic) 3 (5.2 %) 1:2 49.7 (37-60) 9260.0 (5400-16700)

Hemangioblastoma 2 (3.4 %) 1:1 51.0 (48-54) 7685.0 (6620-8750)

Pineoblastoma 2 (3.4 %) 2:0 13.5 (11-16) 7700.0 (6100-9300)

Oligodendroglioma 2 (3.4 %) 1:1 45.5 (41-50) 8045.0 (7350-8740)

Oligoastrocytoma 1 (1.7 %) 1:0 42.0 6600.0

Chordoma 1 (1.7 %) 1:0 61.0 10490.0

Squamous cell carcinoma (metastatic) 1 (1.7 %) 0:1 39.0 7430.0

Cavernoma 1 (1.7 %) 0:1 18.0 8290.0

Medulloblastoma 1 (1.7 %) 0:1 6.0 13700.0

Xanthoastrocytoma 1 (1.7 %) 0:1 5.0 5360.0

Ependymoma 1 (1.7 %) 1:0 23.0 8300.0
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LT-Ag as a positive control. The quality and accuracy of

the real-time PCR assay for JCV were confirmed by testing

on extracted DNA from clinical samples (brain tissue

sections from different brain areas) obtained from a subject

with PML. The number of viral gene copies per cell was

calculated by dividing the virus copy number by half of the

RNase P copy number, because each diploid cell contains

two copies of RNase P.

Statistical analysis

Statistical analysis was performed using SPSS version 16

software (SPSS Inc., Chicago, IL, USA). The v2 test was

utilized to assess associations between categorical vari-

ables. (The exact P value was estimated by Mont Carlo

method.) The normal distribution of the variables was

analyzed using the Kolmogorov-Smirnov test. Analysis of

continuous variables was carried out using the indepen-

dent-samples T-test/Mann-Whitney U test and Kruskal-

Wallis test. Correlation between quantitative variables was

analyzed by Spearman correlation. A P value of B0.05 was

considered to be statistically significant.

Results

In this investigation, 54 (93.1 %) primary CNS tumors and

four (6.9 %) metastatic CNS tumors were investigated. Of

the four tumors with CNS metastasis, three cases were

diagnosed as adenocarcinoma (originating from lung can-

cer) and one case was diagnosed as squamous cell carci-

noma with unknown primary site of origin. The primary

CNS tumor samples in this study were categorized

according to histopathologic criteria as follows: Of the 54

samples, 14 (24.1 %) were classified as schwannoma, 12

(20.7 %) as meningioma, and seven (12.1 %) as glioblas-

toma multiform. The less common tumors included astro-

cytoma, pituitary adenoma, and epidermoid tumor (each of

which was found in three (5.2 %) patients), hemangio-

blastoma, pineoblastoma and oligodendroglioma (each of

which was found in two (3.4 %) patients), and oligoastr-

ocytoma, chordoma, cavernoma, medulloblastoma, xan-

thoastrocytoma and ependymoma (each of which was

found in one (1.7 %) patient). The mean age of the patients

(male 28, female 30) was 46.0 ± 17.6 years (range

5–83 years). With respect to WBC count of subjects, the

mean was 8438.8 ± 2645.5 cells per microliter (range,

3400-16700 WBC per microliter).

In the current study, specimens from CNS tumors were

tested for the presence of JCV LT-Ag sequences by

quantitative real-time PCR. The results from quantitative

real-time PCR revealed the presence of JCV LT-Ag in a

total of 15 (25.9 %) out of the 58 tested samples. Out of 15

subjects who tested positive for JCV, six were male. No

significant differences were found between JCV positivity

and gender (v2 test, P = 0.554). The mean age was

48.8 ± 18.6 years for JCV-positive cases (range

18-83 years) and 45.0 ± 17.3 years for patients who tested

negative for JCV (range 5-74 years). No statistically sig-

nificant difference between patients’ mean age and JCV

positivity was seen (independent-samples T-test,

P = 0.479). The mean WBC count of JCV-positive sub-

jects was 9147.3 ± 3244.2 cells per microliter (range,

4500-16700 WBC per microliter), while the mean WBC

count was 8191.7 ± 2397.5 cells per microliter (range,

3400-15490 WBC per microliter) for JCV-negative sub-

jects. There was no significant difference between JCV-

positive and negative subjects regarding mean WBC count

(Mann-Whitney U test, P = 0.143). In detail, 50 % of

meningiomas, 35.7 % of schwannomas, 33.3 % of astro-

cytomas, 33.3 % of metastatic adenocarcinomas, and

33.3 % of epidermoid tumors contained JCV LT-Ag

sequences. Also, the only sample of chordoma that was

available for this study was positive for a JCV LT-Ag DNA

sequence. No statistically significant association between

JCV positivity and the various types of CNS malignancies

was observed (v2 test using the Monte Carlo method,

P = 0.565) (Table 3).

In the present study, JCV DNA load was determined as

the viral DNA copies per RNase P gene copy (a proven

Table 2 The primer and probe sequences and cycling conditions used in the current study

Target gene GenBank

accession no.

Name Sequence (50-30) Cycling conditions (initial denaturation,

denaturation, annealing/extension)

JC virus large T

antigen

NC_001699.1 JCTAGP-F AGAGTGTTGGGATCCTGTGTTTT 95 �C for 10 min (1 cycle), 95 �C for

15 s, 60 �C for 60 s (40 cycle)JCTAGP-R GAGAAGTGGGATGAAGACCTGTTT

JCTAG-Probe FAM-TCATCACTGGCAAACATTTCTT

CATGGC-TAMRA

Human

RNase P

NM_006413.4 RNaseP-F AGATTTGGACCTGCGAGCG 95 �C for 5 min (1 cycle), 95 �C

for 15 s, 62 �C for 15 s (40 cycle)RNaseP-R GAGCGGCTGTCTCCACAAGT

RNaseP-Probe FAM-TTCTGACCTGAAGGCTCTGCG

CG-TAMRA
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single-copy gene), corresponding to the viral copy number

per cell. In addition, amplification of the cellular RNase P

gene was used as a control for the presence of sufficient

amplifiable DNA. The mean JCV LT-Ag copy number in

15 positive cases was 1.8 9 10-4 ± 4.5 9 10-4 copies per

cell (range 1.0 9 10-5-1.78 9 10-3 copies per cell).

Among JCV-positive CNS tumors, the mean JCV copy

number was higher in the group of ‘‘others’’ (consisting of

JCV-positive CNS tumors except for schwannomas and

meningiomas, including JCV-positive cases with meta-

static adenocarcinoma, astrocytoma, epidermoid tumor and

chordoma) (mean = 4.6 9 10-4 ± 8.7 9 10-4 copies per

cell) in comparison with schwannoma (mean = 9.0 9

10-5 ± 1.2 9 10-4 copies per cell) and meningioma

(mean = 6.0 9 10-5 ± 1.2 9 10-4 copies per cell), but

this difference was not statistically significant (Kruskal-

Wallis test, P = 0.727) (Fig. 1A).

In JCV-positive CNS tumors, the mean WBC count was

higher in the group of ‘‘others’’ (mean = 12,175.0 ±

3160.6 WBC per microliter) in comparison with meningi-

oma (mean = 9185.0 ± 2647.9 WBC per microliter) and

schwannoma (mean = 6680.0 ± 1950.0 WBC per micro-

liter), and the WBC counts were significantly higher in the

group of ‘‘others’’ than schwannoma (Mann-Whitney U

test, P = 0.014) (Fig. 1B). In addition, an inverse correla-

tion between WBC count and JCV copy number per cell

was observed, which means that elevation in WBC count

correlated with reduction in JCV copy number per cell, but

this correlation was not statistically significant (Spearman

correlation, R = -0.198, P = 0.480).

Discussion

The most frequent types of CNS tumors in the present

cross-sectional study were schwannoma, meningioma and

glioblastoma, which is in accordance with the pattern of

CNS tumors in developing countries [40]. Reports

Table 3 Statistical associations

between the presence of JCV

LT-Ag sequence and

demographic, clinical and

histopathologic parameters in

Iranian patients with CNS

tumors

a White blood cell

JCV LT-Ag sequence

Positive Negative Total P-value

Patients

Number 15 (25.9 %) 43 (74.1 %) 58

Age (years) 48.8 ± 18.6 (18-83) 45.0 ± 17.3 (5-74) 46.0 ± 17.6 (5-83) 0.479

Gender

Male 6 (10.3 %) 22 (37.9 %) 28 (48.3 %) 0.554

Female 9 (15.5 %) 21 (36.2 %) 30 (51.7 %)

WBCa counts per

microliter

9147.3 ± 3244.2

(4500-16700)

8191.7 ± 2397.5

(3400-15490)

8438.8 ± 2645.5

(3400-16700)

0.143

Histopathology

Schwannoma 5 (35.7 %) 9 (64.3 %) 14 (24.1 %) 0.565

Meningioma 6 (50 %) 6 (50 %) 12 (20.7 %)

Glioblastoma multiform 0 (0 %) 7 (100 %) 7 (12.1 %)

Astrocytoma 1 (33.3 %) 2 (66.7 %) 3 (5.2 %)

Pituitary adenoma 0 (0 %) 3 (100 %) 3 (5.2 %)

Epidermoid tumor 1 (33.3 %) 2 (66.7 %) 3 (5.2 %)

Adenocarcinoma

(metastatic)

1 (33.3 %) 2 (66.7 %) 3 (5.2 %)

Hemangioblastoma 0 (0 %) 2 (100 %) 2 (3.4 %)

Pineoblastoma 0 (0 %) 2 (100 %) 2 (3.4 %)

Oligodendroglioma 0 (0 %) 2 (100 %) 2 (3.4 %)

Oligoastrocytoma 0 (0 %) 1 (100 %) 1 (1.7 %)

Chordoma 1 (100 %) 0 (0 %) 1 (1.7 %)

Squamous cell

carcinoma (metastatic)

0 (0 %) 1 (100 %) 1 (1.7 %)

Cavernoma 0 (0 %) 1 (100 %) 1 (1.7 %)

Medulloblastoma 0 (0 %) 1 (100 %) 1 (1.7 %)

Xanthoastrocytoma 0 (0 %) 1 (100 %) 1 (1.7 %)

Ependymoma 0 (0 %) 1 (100 %) 1 (1.7 %)
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regarding the presence of JCV sequences in human CNS

malignancies vary widely, and it is still a subject of debate

whether JCV conclusively plays a role in CNS cancer

development. The reason for this discrepancy between the

research groups is not entirely clear, but it might be con-

nected to DNA isolation from formalin-fixed or paraffin-

embedded tumors or the sensitivity of the different PCR

methodologies. In the present study, we used fresh CNS

tumor biopsy samples and real-time PCR, based on the

quantitation of viral gene copy number per cell to deter-

mine the exact JCV copy number in CNS tumor cells.

Normalization of viral gene copy numbers to cell numbers

might be informative when evaluating viral loads in clin-

ical samples, such as tumor tissues [37].

In the current study, biopsy samples were examined for

sequences that are part of the JCV LT-Ag gene. JC virus

LT-Ag sequences were found in 25.9 % of the biopsies

examined. In primary CNS tumors, JCV genomic sequen-

ces were identified more frequently in meningiomas

(50.0 %) and schwannomas (35.7 %). In metastatic CNS

tumors, JCV LT-Ag was identified in one (33.3 %) out of

three adenocarcinoma cases that originated from lung

cancer. A recent report demonstrated that JCV may be

involved in lung carcinogenesis, and high copy numbers of

the virus were found in lymph node metastasis [41]. Also,

several studies have provided evidence that different DNA

tumor viruses may play a role in the stimulation of tumor

cell migration and promote a metastatic phenotype [42,

43]. This concept was also demonstrated for JCV in a

recent study showing that viral LT-Ag is associated with

increased malignant behavior in colorectal cancers and that

JCV LT-Ag is frequently expressed in both primary

colorectal cancer and colorectal cancer liver metastasis

[44]. In addition, the presence of JC virus in both primary

and metastatic CNS tumors may weaken the hypothesis of

a pathogenic role for JCV in primary tumor induction.

Several lines of evidence indicate that the product of the

LT-Ag gene is a multifunctional protein that has been

proposed to play a cardinal role in aberrant stimulation of

the cell cycle [45, 46]. Therefore, the presence of LT-Ag

sequences in malignant tissues might be indirect evidence

in support of a potential role of JCV in oncogenic trans-

formation. In the current investigation, low copy numbers

of JCV LT-Ag gene per cell were detected in primary and

metastatic CNS tumors. Detection of low copy numbers of

JCV LT-Ag in CNS tumors is a matter for debate. If JCV-

induced tumors in humans occur as a result of clonal

expansion of a virally transformed cell, a single copy of the

viral genome would be present in each tumor cell [15].

Alternatively, low copy numbers of the LT-Ag gene may

contribute to tumor initiation, but not full progression to

malignancy, by the ‘‘hit-and-run’’ mechanism, as proposed

for other oncogenic viruses [12, 15].

It has been demonstrated that immunosuppression

increases the JCV LT-Ag DNA load in the brain [30]. A

similar finding also was made in our study, in which ele-

vation of WBC count was correlated with reduction of JCV

copy number in CNS tumor samples. However, our results

failed to find a statistical significant correlation between

WBC count and JCV LT-Ag DNA load, possibly due to the

small number of JCV-positive CNS tumors. Recent evi-

dence has demonstrated JCV latent infection in resident

brain cells [29]. In addition, low JCV LT-Ag DNA loads

have been detected in the brain tissues of

Fig. 1 JC virus DNA loads and WBC count in JCV-positive CNS

tumors. (A) The mean JCV LT-Ag DNA load in JCV-positive CNS

tumors (B) The mean WBC count per microliter in JCV-positive CNS

tumors. The group of others includes JCV-positive cases with

metastatic adenocarcinoma, astrocytoma, epidermoid tumor and

chordoma. Error bars indicate standard error. The P-value was

determined by the Kruskal-Wallis test (A) and Mann-Whitney U test

(B)
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immunocompetent patients without PML [30, 31]. Con-

sidering the immunocompetence status of our subjects with

respect to WBC count, and the lack of HIV infection, the

low copy numbers of JCV LT-Ag might be explained in

two ways. The first explanation could be that the low level

of JCV contributes to tumor induction by indirect mecha-

nisms. The second could be that the low copy numbers of

JCV is due to latent viral infection in the CNS. Taken

together, the findings of the current study should be inter-

preted with caution due to the lack of matching non-neo-

plastic or normal CNS tissues as a control. In addition,

evaluation of the patient’s infection status in plasma and

urine may shed more light on results found in CNS tissues,

but unfortunately, access to plasma or urine samples from

the patients was not possible in our study.

In conclusion, this study provides the first data on the

prevalence of JC virus in CNS tumors from Iranian

patients. The present study is a preliminary work that

reveals a relatively high frequency of JCV LT-Ag

sequences in CNS tumors, including schwannomas and

meningiomas, but also in metastatic tumors. This is an

important aspect that weakens the hypothesis of the path-

ogenic role of JCV in primary tumor induction. Therefore,

further studies should be done to differentiate the possible

role of JCV in tumor induction from simple latent viral

replication.
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